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1 

7k* k * v> £ \m LX t o c \x 

T. SgtdR*XJiJ8ra*tf?TOCaHS$-«I^U, B'lfBM 

afcaosjeat* 1 fe«wi*^)*»a»*K x own 

P HfCfcJ: OWWU ^< k 1 &*>RJ6«^«0S& 

Affile J:0«iJ»t&-fc^ ! ftmt-rS«^lXi±2C 3 
IE«gtfOTOC)t^±«S"ilSI^. 

aSOTR^fc^ttl - **^^^ t»— »fc IX 
IS 1 gfl^WI^/^^**^ 

OCj£#l$*<Oi6Wm 

[ft*^5] H#+c0TOCj£#*4Hl*LTf*&;h.6 
[000 1] 

#5r^£U Witt. J^I*ffl*^£SSiL*:0. 

TOCjft^ff**»&TOCjfc#£H*^S«M£fT 
v\ /KHURS-ffofcO. Witf. ^NMM^EIISWW 

[0002] 

iifc^fHtf BWMftJ: 0 iBMfcWa^t Fn*S^9 
■&ir£*?*V' > k T)Vii V k <?M?*&i>*£ ( T;l-# 'J it 
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2 

5 v^vl^H*-*-* ) t J: 0 1 K >-/V5 i^/l-Srfl 

£ftfcJ:01ft*ra*T&&TOCj£fl-Mr* 
(BIT. «W= r J£*J k«3 ) +OTOC*4J-tiWfc» 
SILT, SMwoSBSv tfcK. «fcWW4BUtt^tttffl 

[ o o o 3 ] cko* o ±iE«#aiWk*a^i'«« 
ffls^bti^r/y fc T;M? 'J k coffl^-fctft J: 0 . 

3§I!ll^3Rfc3§J« (UV) kwffi^^i 

«(uv) k<7)ffi^^{i- si-vyci&uVMW 

h (tt^^k^W^^wx^Sffl^^ty) COM*** 
JftDirr * i k te«c * . *v >■ k T/1-/V 'J k fc* 

* 'J M-CEJCi-i.fcto«aWE<0T OC)fi»A l K*4»C# 

KIH < C Os 2 " ) *?Mmm 
(HC0 3 - ) mco? : J ts WA^y^^CiliRlffl. 
«S:SttS (T^'JIKIi, TOCjftjW)^**** 

«-o-c*> 4 nwut***^^ * y^aK^-f * x k 

L-C#ftL> T O C (t^/^'JS** ^ h % 

^/>-k®MbK*k c7)ffl^i)^(i. RJEaflEWKIi 

^ftotcok^rl.. =3rfc. fiK^^^^i 0 i*BK* 

[0004] *7t. ±ISc7)^-f ix-fOt Ho^f 
i-&titb^ fyfr&tyv^i')V7 : Jti>\^&fflffiX'^.iz 

mmmz^\>zzmtm t *c * TBHh*» t o 

*akLT. 4Jtk/c*^^-C--^b^«k7K(ct 

(ro) saip<7)>f^y^^S] srffl^ri»*-rs- 

k 

[0005] ixEoa^cOffi^^^W+TtiJfy' 
k«?tS) ±j*^±3fc. 

50 v'y/M!<bk*ffifiSMc+ ( ^K*w tt ** !!,Mt< ^ 
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[0006] -flSWtC, ^•y'y/illg'fbK^^J: &T 

t , t m&iwmt <n%.mz x o t k 

203 + H 2 O2 - 20H • + 30 2 

[0 0 0 7] ze>mzLZ*iitt:tV\3*i')V7 i J* 
;KoH-)ci ^mmn-zhiTocm^co^m io 

+ rk O 

iia^SPtf-fc Kndfv^^v^/U (OH • ) fr'RJfc 
KBW LT <^l># . " »f&, T O C f&ft#7t* 

0, TOCfiSc^7C^^*>BSt'*I.Ji^{iC02 + 
H2 O^mt^b'Mts. 

[ 0 0 0 8 ] m *) . ^-VXiBS^K'fe 0 . SBHt* 20 
#^&S<|{i^/>i:RmtTb KodfWU5 (O 
H • ) ZBf&t&^tX'foh. ft^T. TOC)S*»» 

Jtv'yoitmz hffl&LX^h, 

[ o o o 9 ] to cmtt*fr^Tocmv£3m 

_B£<0 J: ^ t>f * 

/o#<btLi.S0.a*cOTOC« (TOCiiK) KJ:*K b 30 

*» t Ko^y^7 S^MC i I. T O C jfc#BHfc#»JSI 

^A^teJt^MMWtffdOjWWLV^. 40 
[ 0 0 1 0 ] b Yu*i/iVJi?it>\^£MMzWi--th 

JS*X«b Vv*i/)V?VitiMz£%ymfc<n'TO 

y i — V7 tv— mffifrftxay < - FX-y y-ftW/r 
a. hp*.. iaiMiyks/^-yvwsftJt^o. 354/ 



[00 11] *JSI!*T*SS*+<?5TOC«e 
rtj^fc (IB) IfcictilWW - **^^. ^/v/aWMfc* 
[00 12] 

ytv'y/$mt?mmzt5^x . ^/ytmmit 
^kwRjE^c. *yyfcTocjfifl-i:«><»ra6 

onTfifcttk* 1 ). bFP^^7^^t^y>- 
t cDSffr^ . b F n * Vil t j&^lbfcill t cr>K 

*v ymzRiizmz Gxvm ixottxh. mi 
a. Jtvymi&iizxwhx^m&t^fym&i 

(BP*>. as. ^■yy^.SJi^iidBtMflrC'AS**., A 

^fttm^tc^f &3ryyftf±JtWH\ ±fc. 
uc^yy^m^^ii-ri.*^*)^) . jewmoh** 

0. *yy**«lt:*!lffl-C* i ar<*6. 

j5Wr»i«¥s*ii« l . * yy t mtitmnfmnvc 
mzmz-tz i t ^iBt-f & t o c^^^jfflw 

[00 14] 

7-yP3-;k ( I P A ) ^5rS*$7K«SWt^ ; e'rVl'TO 
Cii;^** (IK*) &fflv^T8««3aBHk**fl»&i 
t3fyytt*&ft (7k+c©JR^n^yyft) <oJt*f 
TOC^CO^^SSrffa tftt, {8M*<o^#^y 

ViSS, ORP (mimjtVM. oxidation-reduction 
potential ) . HSaBHt******-^ 'J 

/^izm^itti^/y^nmiwo . 1 sffs-c^ 
IMSft S £ * Jias Lfc . *JW»s«>*MMire* § 
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SEft^J3BT±iaa»ifc**#< LT^VCfc. TOC 
l£#<aB!^$Ji%fcm>£>i\ 9m*<vTOCWk&/ 
jSl*?3TpciME<oJt (TOCjft*«S***t) t3S 

ta^iWi & i fc -5 fc . *»( fc** t * y > 

^JHftB«filMbK*/*Vya*it=0. 3 54) £9 
fc4*fir<«r4. mt"). ±ia^SftJt=0. 1 5fuf&fc 

it^Rmmmitm/*v>m.m}t= o . 354^' 

[ 0 0 1 5 ] mh. #?feBH#l£s »*»TOC?g*/ 

flyKiBtti&i/^ v yffi*«Jt^aitt orp m/\m 

£^-r^77£^ftj£A i *>& C fc 

S*+ tfWSHiMKfc**** 1 0 0 g / L ( y y h ;W ) 
-2000j/g/L (ppb) C1tll 3c5£L.fcTO 

[0016] *3£BJB±» ±SB<oi d^ttii^ao'v^T^ 

O C *K jSBMfc** t tT T O C 

(ORPtf-. oRP*yt-) . Wfr^/y*—?— 
(apfr+yvfh mif-xrytyv-) xtta»ffc** 

(mutism. aiMbi**^-) 
ffiEMa^wiim 'J yy) fc± OMiSft*^ 

«/r££MJW-st>OT- I i f >£. £<7W§£\ ±ie«$Hfc* 40 

Cjftg$rS!l5£U Hil^KXJifflBWLii^TOCiilS 

JBMc«TOC«BE«)»e*[t)B»1"S*(=3r 
yy<oe9&M*SfWi-S7 4-Y}<.v9WM<7rtt>K ft 
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6 

[0017] *»WiD*ffifcJ:&aiWMc*ttteSifi | J«l 

x. m&it*mm&&* orp 

Jjyi*«ORP* J 2 0 0mV~9 0 0mV, lift 
L<l±220mV-850mV, ® dff £ L < »i 2 2 0 
m V-4 0 0 m V k *£ h 1 o fc«fc**£ ffiifrtS*) 

tmti< . jaigft^ma^^y^-?-^ 
j: wkm&comif*yym&tf 1 o ^ g 

/L-2000iig/L (ppb) . ffiL<(i50^ 

s/l— 5 o o ju g/L t t£h x ? <,z.i&wi\:*m£{m 

0 0jtig/L-2 0 0 0Mg/L (ppb) . #f 
&l<\*2 00/ig/L-l 0 0 Otxg/'Lhtchko 

[0018] ;««(:. m?hffittA&t*#£& 

jR^n^^yvt^Jt^s^ffl^ffif^^flj^ffiffli^it 
7km<omum£ - ^ — fa* s ±:iB<7>Kisii*i c a 4 

[ o o 1 9 ] *fSB«*ffi(c: <t 0 TOOfi**«r**« 
a-rstsfc-o-c, atToc««"&**<opH«[*it>tt 
ft as ic« ^r* s imit?km k*Y>nm+i> ^* s ff 

0-8. OWKH<7)pH<lT'S)0 . n±L<^6. 5~ 

7. 8«oeH«pH«T*s. -mmz, m&M-cwm 
•tit. *y y^Hrt: i 4Kj6**±* t * o . Rieaie 
#;i<&D. — *. r^yfflT'joai-st, 

y" y o i ttMWi. t X v t o c «^ fc o»B»*WB 

[0020] jj-yy^jBdr&fc ur»±. sswwta. 

[ o o 2 l ] £tz. #5fflm±, TOC«4Mr****y 

[002 2] icOid^^y^XSSrff'?^ * 

im/Mrr >/mnt?\mmz x r> % t> tit tm#i±. 
fttthm\mmm<r>4*ym&&mzii^xm^h 
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W£lzftiL-oX'tfo<r>img;X*h&. mmttMvMi; 

u&b Ltti, -immmi. m-jtm (mm. mm-r 
wj*mm ) mmm<n-m*mf s z\ t vx- ■§ * 

[ 0 0 2 3 ] 3nB. ^HMWffo/i^tfO^tc XI 
0. 3mg/LOT, *f£L<<;£0. 2mg/LOT: 

IBIfeKIBSRIlfcfc tt4 U V ( mm ) BHL. R O «ja 
(iKSiSMS) f{:<t')TOCIiIK0. 02mg 
/LBlTfcrt&i'i:*^** (#©^9-2 3 64 9 2 

[00241HRI:. hFnaf^9^W=J:*TO 
*fc*kt3Eft;-rs. ^X. JStK (tocatMt 

*) WTOCil^TOCjg (TOC^i LT«*» 
ft<7)iH3R) Al^-Jtt. t Y^^j^y^AMzXl 
WHfflMK. X ^t'OTOC $##*j»5r < k t> f&fr^ * 

ubsk * x-mt l jt aurcti - oafljai? k l 

fjMz J; h J0Jimwjra*4>cOT O C O^V^ 

Bi*itcA§. ^/y/mnt*mmiz£&wmx'it. z 

(tymfcfOTO'CmmWUJlZO . 5-2. 5mg/L 

Tfyi^ssrtTat. >f^yi**a<75«si*4'<oToce 

(JO. 3mg/LjaT, ?&k'<Z>*§£0. 2mg/LHT 
k&S. 

[0 0 2 5]&fc, c<0Jft^. ^SWHeOStfetiaJJ* 
TOCffi#0. 3mg/LKTFk&S«fc5£fcFn*v 

[0026] HflJ£#(fT±j*Ut J: a 

vv/wmjmmz x >o f# htihvm^mT o c 
mw. (ra&fi. ur^^-) ^io«Ma*«Tocffl$- 

f3f£«k & & J: d £ t F ^#;W&iLa£ M«f 

[0027] ^Sfr^fc^MMm^p^SiiXiifcfc 

T)Vn~)V ( I PA) ^f/WW^yH (DMS 
O) jWflV*<->;fl*>#. Wit*. ^xVNl¥<0*ffitC» 



cm&tf&MM1&^i><Oli, 31*. *HWWraicft5ii 

[0028] 591^. )Htt*i8ifc:iJ»t*TOC)S#te* 

k'co&mi,zi>mm-tZ>zt-i)*X'%Z>. Z<n± 0 

[0029] aD*>- *«W«*i£fc*JV»T{4, ±j&?M 
^ttfflaFi@*E*. t»0*tSS»«i (Wfc±WQ»C«- 

20 [0030] 

[oo3i] *^<o*^f ti. JBabko^fffsrvvift 

aic-ct*^ (uv) m&tx'bxw. 7kwz#m 
m-ttzMzunm^ntimt iw 

[0032] ifc. *^TO?5*STt±, Jtnai7K<7)ORP 
$■ MB. L. f iJffl-TI. C k t J: o T , aig-fMc*^** 

©jiw-r-s <r k tx'S •& . o r pvmmzm^ o RPt 

(ORPtt, ORPtyf-) kUT, Wl^ti*. 
J&k'iOTUlS^ORP^-^Hi. S^coe^ • : Ofbtt 

40 [ 0 0 3 3 ] ifc. *^HH(7)*ffiT'»i. SPlTk^jflK-fli 
ffi*&at«!l»t S t k fc-CS S . jSK^t**iSffiS:f!lffl 

. #^BS 56-54582 -Sf&fgCie*^? x 7 
50 [0034] BBfi^J: -5 fc, V/»IHfc**ffiti» 
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tcfST o c mmz% h t mmm^ < & § cox . i§>* 

«m<, ^a^gw-/>Maie (Miff, s 
^mmm^kh^rnxuxim^mmM 

Ss ( I ) Xli (II) MSSSifcfcT**. 

[0035] ( i ) *i^fc^->^^yy/Ofi^b** 

)£fc»£ilg<?)jivi ( 1 ) T/MPJtt^ffTT'^yy 
J8a&lX/Xl± ( 2 ) ^hi|g!SStTt'^5}-y>«t $ 

octfiftcoxmifttti-im-xmzm^T. m-x 
mrnt>ti§,w&7Mzttixmiz ( i > r;p*ue*fr 
"Pcw^-yyjKHauf/xtt ( 2 ) mBssafTe*)* 

Zconizth Z t fcj: 0. «fc 0 n h&ggT £31 
(1ftSFF9-2 3 64 9 3^) . £«|£(t<9JBJI& 

ojBa*oT*oceoaaMts. Mior. 1. 0-3. 

Omg/LgS. »4L<(il. 5-2. 5mg/LI 
«fcfS£t*Uf J:V\ ( 1 ) r^l/tt&frre 

mY>>mb ( 2-) 8tmBsjtTT-«9*y>-a!ig£ffi 

fflf 5 , 2 BMSTf iff i < . z vi$r£commi 2 

[003 6] (II) S*<0TOCfl«f**SHJS^ 
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1 0 

joRPtz^- jS#^y>t^^-x{ijgiHt*s 
(tcoRPt-^-) ti-ssKjeaT-^ 

~ pH|®SfflIC5ffi«fi£ffilS<7)RiefliT(J5 

*ss*«o p Hffi«o^ti i "9 g»f * i t § . 

*Y>mmm. miiivmm&mmmf 
p Hmdm&MMWi&tmwmzBimtzmwt* 

«<n'*7x-f-iz^\,\Tmmmtcr>fflm£?r?cLb 
iz-th t mmmmmt LmwxmHwmt < 
frt>Th<9. z<?>m&izt5ii-&f$m%i'X"rJ>.m®mz 

[0037] b Knjey^^jl-^ai. ^V'yflt 

20 commxm (wh.mi m^mm btuzm. 

^bK^ffiwg^iattco^KT* •g>^*'), i officii 

[0038] ^wtmmmi^m&mm. nbmcos 

mzi^x, TOCSS (TOCIfi) . tgbKSXii^ 
t'cOPJrMfflt f h Z t *>'T'§ £ . Mi 
tf. «ia«BW^*itJCJ57SyS (-TOCj£#-T'& 
0. m&LtlJ&ft) tfO^S (JRfe^s) 2 5 

30 0-265nm (SF^ L<{i2 5 4 n mX«i 2 6 0 n 

ft (^toc^) <?)^iT-ai&*^{± s ±ibs»i 
■Tit. *+<7)7;p*yjt^^^»L, pH^fiT^ 

nmtwftM-r&tPHtft&i,. mm 

40 i&ftig^#*4>T-SMiH jj-y^ t L T#it L . . t K o 

xm<. 

[0039] «ot, K**ii«Wfc«3M-4-^<oa 

mmmmzii-mmm t y^z^mt^^zKm l 
mmmmz?h.tf. ^< t 
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h-?)VttY>mm* ±(f 6 Z t IfiX't h . 

[0040] zconmw&m an tfewai. ftt^ 
coRjsffit-{i«i!c7)^jtt Mz^mm^-mt mmz 
(in isigSfiSiit-«pH^^a^$« 

I^PH = 6. 0-8. 0<O<t>ffinmzi&fettUZ, \k 
ftSEJEflrc p H PS£ff o £gim < & § . 

< . ; <?>«fc-r & t . smogs i m&miztiux °ir 

p h «s«a«^«(c^ < . * fc . m i SRjeif *» 

&**/y$x*k vmnzmmx'Z t^x-mm^x-h 
h . *f6^#t «fc zmmmm (in w^coism^j: 

fitf. MS 1 RBOMtfJiB+ttaWt p HiBBMfc J: 0 
p HiBmUf . SS 2 SRJEfflfclftT p HPS b3r < T 

[ 0 0 4 1 ] -u. &samizm-tz>&fflk7mi 

tOORPt-i'-, i^tV'Vt-^-XtiSIMfc* 
gatCJ:-sTIWi-*»3Wf*UV\ L**L, mi SR. 

( £- ) i*SKJ6«'s<o*y f v ttte*fcjtwt 

flsK3f£ <#) »©Rie»^tt*M-satfC<>J:v^ 
[0 0 4 2] ^iOHSfiWJ. (ID T'fct j|S2gtK£fff 

±tf 5 icoXUTZ U\ —mmz**/yWR 

£##-X0*:£jA&j£gl Om/h rmf^Tli^VytRJR 
»'70-80%CW. M^l 20-30%^ 

V> (if Jffl S *i& t t mxvvtfx kLxm&Ztih 

RV/x\i&m-tiimt,zm®n%.mmi,zm&t s *v 
>-<o4»k t i-sct L-cflwrnuar, srwwjB** 

[0043]^, xmioumzx 0 . mkitfcmt 

T O C /b T O C mt * 3tSt«fcSg£fc&£ 
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ii«kLT{i, «i«r. 4 *>&tmm*&mm (r 
o) ^a^^^^^*^g^Mv^^k*^i»„ * 

't*4U ifc, ;«i3«g»I8 (j@) «*« 

10 aL. m^-t^mmmvcr>Tocmf^z^th 
ztmzmx'&h. 

[0044 ] itOct^^TOC^iO^MCliO^L 

®m<7)m£.cr>mmcommi. -aty^mmm^ita-t 

[0045] £ti. TOC^^5^j»t:J:04«Lfc* 

O^tSaBB* (reject water) {i % iSttr5i(gffi=S: fc'W 
±«jJI8WatffiL. *«Jt^r^Mt (C0 2 s H 

[0 0 4 6 ] AMLtimmZk 

com^zm^-t. ±At%mizvMmx'Zzt\ ±*mw 

[0 04 7 ] yctc, mit^^oiPt L^HifecOflS© 

(in %mM&hfcfr<vTocf&ttm£$m<o--M&^ 

40 <?Mgffi (II ) *^L<ifflH-rS. fi* (TOCfl^t 
7k) H*7-f >-2 0 5£SiLTWSjem-UT 
(RJEffl) 2 0 1KTMMtiA?M, * 
VV*±»2 3 OT-H^L/c^/y-ft^Xti, ^/Wt 
^7-^72 3 1 £&fijLX%—VT??—2 0 1«T 

at^iiflwfrsii.. Rjsa. mvvtix=>4 y233* 
&fiiLxm- , jT7?-2 6 uzmbtiz. tmmftm 
-\)Y j ?9~2<d\ coTm*t>'& t>titzm&m. 

VT7?-tm7l<.74y20 2ZM&LXmr.VT?? 
50 0 2£0^4 ] ^pH^^^-2 03, ORP*^?-20 
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1 3 

4tf%ti?titfWiZtix^h. Hftfc* .TfiDi: d&^e- 
* HW4 'J r 9 9 -**tf«W & - k i> & it 

[0 0 48] pHt-^-2 0 3A^fl^i- , JT 
4 0(JpH3Vbn- 9 (p 
H««») 24 lfcA^fU pH3yhn-7241 

3&^«oa}^ft^-2 4 2{ipHp^ij (&mmv%» 

k 3rS «t 9 fc^fcJS £T p H MBHfttt? -f V 2 4 4 
LTflB&S'ft* p H WBW»G9ftaUS*HflW- 

[0 04 9]— ORP ; £-y-2 0 4H^- l J 
7*7 7 -MH7k«0 R Pfg^ 2 5 0{±O R P 3 V V P- 
5 (ORP«»S) 2 5 1t;UjS*U ORPayl-o 
-7251 *»feOdJ*<S#2 5 2J±*iMblc*ft»!K>' 

5£«fc A d fc«»fl'***te?4 >- 2 5 4 £11* L 

[0050] 3rvy/asMt*3Rffi*=«^t , §i«Wfc 
& . nmmmm^a ^xn t>ti£ m 2 1 si 3 *^ 

& J: 3 fc , jSBMbk* k sTV v<oaanit4«i«Sl*«o 

r pm. m^ym.it^mm&mmm^v'ymmm^ 
w»«r4-i*. «^>r, jpi*<ooRPtfflo"caiMt; 
7K£«*&**iM1iPt&c:k#-e££. ^f&. orpoTC 

Stt^ffl^S <*: k t>T'# orp co^ift A^ft 

t tORP^-f-tfZti^CD^-f-MCO^X' 

[005 11 -S. lfcfcWC, S 

-yr^-ssa*?)— i5* 5 *^>'r2 6 2fc«k Offi 
o&nmmmxv y#* £ ©flx-r &x ? ? - 2 6 
»a&iti3&«»-yr^^2.6ifc3iife*i.*. 

(ejector ) (DffcbOfcyoT*- (blower) 
yS^lf- (in-linemixer ) 3 «I fc S . * 

fc. zem&(mi&'cim-VT99-?im-t&*Y 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention removes a TOC component from TOC 
component content water about the control method of TOC component removal. Manufacture a waterworks, industrial 
water, etc. or Processing which removes a TOC component from TOC component content water, such as sewage 
containing a difficulty resolvability TOC component and waste industrial waters, is performed, and water recovery is 
performed or it is related with the control method of the TOC component removal for performing the manufacture and 
recovery of pure water which are used for a washing production process in related electronic industry, such as a 
semiconductor and liquid crystal, (**). 
[0002] 

[Description of the Prior Art] A hydroxyl radical with strong oxidizing power also generates each oxidation means 
independent twists of these by combining suitably ozone, a hydrogen peroxide, ultraviolet rays, various oxidation 
catalysts, etc. Since these oxidation means itself does not generate anythings other than an oxygen element and a 
hydrogen element, there is little fear of secondary pollution and it becomes very low [ the salt load in latter 
processing ]. Combination with the various, suitable oxidation means of the above [ feature / such ], and combination 
of ozone and alkali (with an oxidizer, although there is nothing, alkali) Generate a hydroxyl radical and oxidative 
degradation of the TOC component in the TOC component content water (henceforth "raw water" by the way) which is 
processed water by this is carried out. this combination — a hydroxyl radical ~ generating -- Performing TOC 
component removal for the water recovery from the pure water after using it for manufacture lists, such as processing 
of wastewater, pure water, and ultrapure water, and ultrapure water is performed widely. 

[0003] Thus, with the various combination of the various above-mentioned oxidation means, or the combination of 
ozone and alkali, although a hydroxyl radical occurs in common, such combination has the feature mutually different, 
respectively. For example, although it is usage with a classic combination of a hydrogen peroxide and ultraviolet rays 
(UV), since the reaction rate is slow, usually the reaction time of several hours or more is required. Although a reaction 
rate becomes quite quick since the combination of ozone and ultraviolet rays (UV) has very high UV absorption 
coefficient by ozone, both an initial cost and a running cost (the exchange costs of a power rate and an ultraviolet ray 
lamp are included) will increase for a black light. Although the combination of ozone and alkali has a quick reaction 
rate and is low, [ of a running cost ] In order to react by the alkali side, when a high-concentration TOC component 
exists in raw water The reaction inhibition by radical scavengers, such as carbonate ion (C032-) and bicarbonate 
(HC03-), is received (in an alkali side). Since the amount of generation of a carbon dioxide also increases when the 
carbon dioxide which is one of the decomposition products of a TOC component exists as carbonate ion or bicarbonate 
and a high-concentration TOC component exists in raw water. On the other hand, although it is inferior in [ a little ] 
reaction rate, the combination of ozone and a hydrogen peroxide has little effect from a radical scavenger, and since it 
is economically advantageous, it has comparatively large use selection width of face. In addition, the carbonate ion of 
the operation as a radical scavenger is larger than the bicarbonate. 

[0004] Moreover, in order to generate an organic acid as an intermediate product also in which the above-mentioned 
hydroxyl radical developmental mechanics, There is nothing in carrying out oxidative degradation even to a carbon 
dioxide and water completely still more substantially by this hydroxyl radical developmental mechanics, and removing 
a TOC component completely substantially. As an economical method It may leave a part not to be decomposed even 
into a carbon dioxide and water in the generated organic acid, and may remove using the deionizer device [for example 
ion strippers, such as an ion exchange unit and reverse osmotic membrane (RO) equipment,] which prepared this 
organic-acid remainder in the latter part. 

[0005] In how to put above-mentioned versatility together, the combination ("ozone / hydrogen-peroxide method" is 



called hereafter) of ozone and a hydrogen peroxide There is little effect from a radical scavenger, processing cost is 
comparatively low, and it also sets in economical efficiency. As mentioned above, since it is advantageous, It is called 
the most practical TOC component removal art, and ozone / hydrogen-peroxide method is widely used from such a 
feature for the purpose, such as disassembly of the minute amount organic Substance in raw water, such as disassembly 
of the difficulty resolvability organic substance under wastewater, a waterworks, and industrial water, and 
decomposition removal of the organic substance of the minute amount from used (**) pure water. 
[0006] Generally, according to the following reaction formula, a hydroxyl radical arises by the reaction of ozone and a 
hydrogen peroxide first in processing of the TOC component content water by ozone / hydrogen-peroxide method. 
203 + H2 02 -> 20H- + 302 [0007] Thus, it is said that decomposition of the TOC component which is an organic 
substance advances as follows by the produced hydroxyl radical (OH-). 

TOC component -> alcoholic -> ketone -> carboxylic acid -> although the hydroxyl radical (OH-) is participating in th< 
reaction in each phase of the C02+H2 O above, of course, when a TOC component is alcohol from the first, it begins 
from the inversion to a ketone, when a TOC component is a ketone from the first, it begins from the inversion to a 
carboxylic acid, and when a TOC component is a carboxylic acid from the first, it progresses to the inversion to 
C02+H2 0. 

[0008] Plugging and ozone are oxidizing agents and the role of a hydrogen peroxide is reacting with ozone and forming 
a hydroxyl radical (OH-). Therefore, the effectiveness of decomposition of a TOC component is related not only to the 
amount of supply of ozone but the ratio of a hydrogen peroxide and ozone. 

[0009] Since control of a hydroxyl radical yield is not performed in almost all the cases of the TOC component remova 
from TOC component content water, equipment is operated on a safety side, therefore a hydroxyl radical always serves 
as an excessive amount, moreover, in establishing a deionizer device as mentioned above With the TOC value (TOC 
concentration) of the treated water obtained from now on, if it is going to carry out feedback control of the hydroxyl 
radical yield It is not avoided, but it sets at the residual oxidizer decomposition production process (for example, 
activated carbon contact production process) of the preceding paragraph of a deionizer device, a TOC component is 
adsorbed or emitted, that time lag becomes long cannot secure stable control easily, and since the TOC value of this 
treated water is very low, it cannot secure sufficient control width of face easily. Then, it is desirable to control a 
hydroxyl radical yield using the feedforward control by the TOC value of raw water or the feedback control of the TOC 
component oxidative degradation treated water by the hydroxyl radical. 

[0010] Although what is necessary is to be able to perform comparatively easily control of the amount of supply of the 
ozone which participates in a hydroxyl radical generating reaction, to measure the TOC concentration of raw water or 
the treated water by the hydroxyl radical, and for a feedforward control method or a feedback control method just to 
perform according to a measuring point (raw water or treated water), there is no established method about control of th< 
amount of supply of a hydrogen peroxide. Generally, it is said that the optimal amount of supply of a hydrogen 
peroxide is the ozone amount of supply and stoichiometric relation, and is the amount of theories, i.e., an amount from 
which the weight ratio of a hydrogen peroxide/ozone becomes 0.354/1. Moreover, it is said that pH of reaction time 
should generally just be near neutrality. 

[001 1] Moreover, when reusing the ozone which remains in the case where the TOC concentration in the raw water 
which is processed water is high, or exhaust gas, processing processed water twice or more by ozone / hydrogen- 
peroxide method is also proposed. Moreover, when collecting pure water from used (**) pure water (**), after 
decomposing a TOC component by ozone / hydrogen-peroxide method, removing the ion component in decomposition 
treated water according to a deionizer device is performed. 
[0012] 

[Problem(s) to be Solved by the Invention] As mentioned above, although ozone / hydrogen-peroxide method is most 
practical TOC component removal arts In ozone / hydrogen-peroxide method, in addition to the reaction of the 
hydroxyl radical and TOC component which were generated at the reaction of ozone and a hydrogen peroxide There is 
a possibility of the direct reaction of ozone and a TOC component, and there are also a reaction of a hydroxyl radical 
and ozone and a reaction of a hydroxyl radical and a hydrogen peroxide, and the amount of optimal supplies (addition) 
of a hydrogen peroxide does not necessarily turn into the amount of theories by relation with the amount of supply of 
ozone. Moreover, the effective control means is not found out about the control means of the hydrogen-peroxide 
amount of supply, either. Since the output (yield) of the ozone from the input signal value and ozonator which the 
hydrogen-peroxide amount of supply is proportioned in the ozone amount of supply, control, and are inputted into an 
ozonator also as a way, for example is nonlinearity (that is, the amount of inputs is not proportional to the actually 
generated amount of ozone, and the generated ozone also usually has a part to decompose immediately, although an 
ozonator is frequency control), exact control is difficult. When hydrogen peroxides run short, reaction effectiveness 
worsens and it becomes impossible to use ozone effectively. On the other hand, if a hydrogen peroxide becomes 



superfluous, the generated hydroxyl radical will react with a superfluous hydrogen peroxide, and the part which 
becomes useless will arise. 

[0013] Therefore, this invention offers a control means with the effective hydrogen -peroxide amount of supply, and it 
uses as an offer plug the control method of the TOC component removal which makes it possible to remove a TOC 
component from TOC component content water efficiently, maintaining the ratio of a request of ozone and a hydrogen 
peroxide. 
[0014] 

[Means for Solving the Problem] In order to solve the above-mentioned trouble, While this invention person performs 
removal processing of a TOC component using model TOC component content water (raw water) which dissolved 
isopropyl alcohol (IP A) etc. in ultrapure water as a model TOC component by ratio of the various hydrogen-peroxide 
amount of supply and the ozone amount of supply (the amount of ozone absorbed underwater) A dissolved ozone level 
of treated water, ORP (a oxidation-reduction potential and oxidation-reduction potential), As a result of carrying out 
monitoring of the residual hydrogen-peroxide concentration, expressing with a graph and seeing, a weight ratio of 
ozone absorbed by the hydrogen peroxide/underwater one supplied (addition) found out that point of inflection 
appeared before and behind 0.15. The change was slight although some locations of such point of inflection got mixed 
up according to terms and conditions, such as a class of TOC component which is the object of decomposition removal 
processing temperature, raw water pH, and the hydraulics-residence time. And even if it enlarged the above-mentioned 
weight ratio henceforth [ point of inflection ], it turned out that removal effectiveness of a TOC component hardly 
changes, but point of inflection appears also in a graph which shows relation between a ratio (TOC component residual 
percentage is expressed) of TOC concentration of the TOC concentration / raw water of treated water, and the 
hydrogen-peroxide amount of supply / ozone supply quantitative ratio. Although generation effectiveness of a hydroxy] 
radical should serve as best when it thinks from a reaction formula of a hydrogen peroxide and ozone and a supplied 
hydrogen peroxide and ozone absorbed underwater are the same equivalents In fact, since parts of a original molecule, 
its decomposition intermediate product, etc. of a TOC component can oxidize directly by ozone molecule The amount 
of hydrogen peroxides which is actually needed becomes less than a stoichiometric value (a theoretical value, i.e., a 
stoichiometric hydrogen peroxide / ozone weight ratio, = 0.354) as equivalent to a part for such ozone consumption. 
Plugging, above weight ratio =0.15 order, and a stoichiometric hydrogen peroxide / ozone weight ratio = a gap of 0.354 
has suggested this. 

[0015] That is, this invention person did the knowledge of point of inflection being in a graph which shows relation 
between ORP and a dissolved ozone level, and the hydrogen-peroxide amount of supply / ozone supply quantitative 
ratio to a location of the hydrogen-peroxide amount of supply / ozone supply quantitative ratio which is mostly 
equivalent to point of inflection of a graph which shows relation between a ratio of TOC concentration of the TOC 
concentration / raw water of treated water, and the hydrogen-peroxide amount of supply / ozone supply quantitative 
ratio. On the other hand, although change of hydrogen-peroxide concentration of treated water accompanying change 
of the hydrogen-peroxide amount of supply / ozone supply quantitative ratio became a little quiet compared with a case 
of ORP of treated water, or a dissolved ozone level, when a residual hydrogen peroxide in treated water made it 
lOOmicrog/L (liter) - 2000microg/L (ppb), it turned out that stable TOC removal can be performed. 
[0016] This invention is completed based on the above knowledge. That is, in supplying a hydrogen peroxide and 
ozone to TOC component content water as raw water, decomposing a TOC component into it, and obtaining treated \ 
water, this invention offers a control method of TOC component removal characterized by to control the amount of V 
supply of a hydrogen peroxide by monitor (monitoring) of said treated water by ORP monitor (an ORP meter, ORP J 
sensor), dissolved ozone monitor (a dissolved ozonometer, dissolved ozone sensor), or hydrogen -peroxide monitor (a 
hydrogen-peroxide meter, hydrogen-peroxide sensor). In this case, it is desirable to control the amount of supply of 
ozone in addition to control of the amount of supply of the above-mentioned hydrogen peroxide, to measure TOC 
concentration of raw water or treated water further, and for measured value of TOC concentration of said raw water or 
said treated water to be interlocked with. In addition, it is hard to be influenced of a source of TOC in raw water which 
is a decomposition removal object (class of organic substance as a TOC component), and the feedback control which 
controls the amount of supply of ozone for measured value of TOC concentration of treated water to be interlocked 
with from feedforward control which controls the amount of supply of ozone for measured value of TOC concentration 
of raw water to be interlocked with is more desirable from a more exact point, and it may use together above- 
mentioned feedforward control and feedback control depending on the case. 

[0017] If hydrogen-peroxide amount-of-supply control by method of this invention is explained still more concretely 
When the hydrogen-peroxide amount of supply is controlled by ORP monitor based on an above-mentioned 
experimental result, ORP of treated water preferably 200mV - 900mV 220mV - 850m V, Furthermore, it is desirable to 
supply a hydrogen peroxide so that it may be preferably set to 220mV - 400mV. When controlling the hydrogen- 



peroxide amount of supply by dissolved ozone monitor, a dissolved ozone level of treated water lOmicrog/L - 
2000microg/L (ppb), It is desirable to supply a hydrogen peroxide so that it may become 50microg/L - 500microg/L 
preferably Moreover when controlling the hydrogen-peroxide amount of supply by hydrogen-peroxide monitor, it is 
desirable lOOmicrog/L - 2000microg/L (ppb) and for hydrogen-peroxide concentration of treated water to supply a 
hydrogen peroxide so that it may become 200microg/L - lOOOmicrog/L preferably. 

r0018] Thus if a ratio of a hydrogen peroxide to supply and ozone absorbed underwater is controlled within the limits 
of [ suitable ] before and behind point of inflection, while good effectiveness of a TOC component decomposition 
reaction is securable, it can dedicate within limits also with rational concentration of a residual hydrogen peroxide in 
treated water If each monitor value controls a rate of addition of a hydrogen peroxide to ozone to a degree which enter: 
within the limits of the above, there will also be little concentration of a hydrogen peroxide which use effectiveness ot 
ozone and a hydrogen peroxide becomes substantial the best, and remains in treated water, and bad influences, such as 
a heavy load in the latter part by residual hydrogen peroxide superfluous when collecting water, will also decrease. 
[0019] In processing TOC component content water by method of this invention, it is desirable to supply a hydrogen 
peroxide and ozone, maintaining a pH value of this TOC component content water near neutrality. Here, "near 
neutrality" is usually the pH value of the range of 6.0-8.0, and it is the pH value of the range of 6.5-7.8 preferably. 
Generally if it processes by acidity side, a reaction by ozone molecule will serve as a subject, a reaction rate will 
become slow, if it processes by alkali side on the other hand, a radical scavenger's reaction inhibitory action will 
become large, and an autolysis of ozone arises and reaction effectiveness with a TOC component worsens. 
[0020] As the generating method of ozone, various kinds of methods, such as a silent discharge method and a water 
electrolysis method, can be used. , 
[0021] Moreover, this invention processes further treated water which processes TOC component content water by the 
above control by ozone / hydrogen-peroxide method, and is obtained by ion stripper, and also offers a method of 
removing ion components, such as a residual organic-acid component in this treated water, and manufacturing pure 



water. . . 

[0022] When performing such a deionizer production process, in order that treated water obtained by the ozone / 
hydrogen-peroxide method of this invention may evade a bad influence which an oxidizer which remains causes 
deterioration of materials, such as ion exchange resin used in a latter ion stripper and a reverse osmotic membrane, 
usually removal of an oxidizer which remains is performed in advance of deionizer. although methods, such as 
activated carbon treatment, reducing-agent (for example, sodium sulfite) impregnation, UV irradiation, and reduction 
catalyst (for example, palladium system catalyst) contact, can be mentioned as the removal method of a residual 
oxidizer - activated carbon treatment - low cost ~ and it is simple also in equipment and desirable. 
[0023] In addition, if 0.3 or less mg/L of TOC values of treated water obtained from a deionizer production process is 
preferably made into 0.2 or less mg/L according to the result of an experiment which this invention person conducted 
Pure water which is treated water from the above-mentioned ion stripper to an ultrapure water manufacturing process 
Delivery, When manufacturing ultrapure water, a TOC value can be made into 0.02 more or less mg/L by UV 
(ultraviolet rays) oxidation in latter ultrapure water equipments, RO processing (reverse osmotic membrane 
processing), etc. (Japanese Patent Application No. No. 236492 [nine to]). 

[0024] Generally, although a decomposition path (a series of reactions) of a TOC component by hydroxyl radical 
changes with classes of quality of a decomposition object, almost all the organic substance changes to a carbon dioxide 
and water through low-molecular organic acids, such as a propionic acid, an acetic acid, and formic acid, in a 
culmination. Therefore, in a phase which almost all TOC component converted even into a low-molecular organic acid 
at least by oxidation treatment by hydroxyl radical, even if a TOC value and a source of TOC (class of organic 
substance as a TOC component) of raw water (TOC component content water) differ from each other, since there is 
already no part to have converted into a carbon dioxide and water of a TOC component, a TOC value in treated water 
after processing by hydroxyl radical enters within quite narrow limits. In processing by ozone / hydrogen-peroxide 
method, the TOC value range of the treated water becomes about 0.5 to 2.5 mg/L. Thus, if deionizer is further 
performed about obtained treated water, in 0.3 or less mg/L and almost all cases, a TOC value in treated water after 
deionizer will become 0.2 or less mg/L. 

[0025] in addition, above-mentioned control according to a method of this invention in this case - in addition, 
monitoring (monitor) of the TOC value of treated water from an ion stripper is carried out, actuation which controls a 
hydroxyl radical yield may be added auxiliary so that a TOC value of treated water after deionizer may become 0.3 or 
less mg/L, and thereby, a TOC value of treated water after deionizer can be more certainly made into 0.3 or less mg/L. 
[0026] As an example was given and mentioned above, since a TOC value of treated water obtained by the ozone / 
hydrogen-peroxide method of this invention has fixed a correlation as a TOC value of treated water from a latter ion 
stripper, if a hydroxyl radical yield is controlled to become a predetermined value about a TOC value of treated water 



froin hydroxyl radical generating and a processor (a reaction vessel, reactor), a TOC value of treated water from an ion 
stripper which **** e d in a TOC value of treated water from a reactor will be acquired. 

[0027] In a related electronic-parts plant, such as a semiconductor and liquid crystal, although an organic reagent (for 
example, [isopropyl alcohol (IP A), dimethyl sulfoxide (DMSO), etc.] etc.) is used for the various purpose, washing 
removal of such an organic reagent that remains on the surfaces, such as a wafer, is carried out with ultrapure water, foi 
example. Water recovery processing is usually presented with what has comparatively low TOC concentration in used 
ultrapure water containing the organic substance as the result. For example, water which removes a TOC component 
and an ion component in used ultrapure water, and is collected is used for ultrapure water manufacture. A control 
method of TOC component removal by the ozone / hydrogen-peroxide method of this invention can be used for TOC 
component removal from such used ultrapure water. 

[0028] Of course, a method of this invention is applicable also to the purposes, such as complete treatment of 
decomposition removal and various wastewater of a minute amount organic contamination in purification of water, or 
sewage, in addition to TOC component removal in ultrapure water manufacture. In such a case, there is no necessity of 
performing an ion component removal production process especially, in many cases 

[0029] That is, in a method of this invention, the above used ultrapure water, a waterworks containing an organic 
contamination (it is an organic contamination with difficult decomposition especially by biological treatment) of a 
minute amount and industrial water, waste industrial waters, the treated water, sewage treatment water, etc. can be used 
as raw water. 
[0030] 

[A mode of implementation of invention] Although a gestalt of desirable operation of this invention is explained 
hereafter, this invention is not limited to these. 

[003 1] A ratio of the amount of ozone absorbed by the amount of supply hydrogen peroxides / underwater one is 
controllable by method of this invention within certainly desirable limits by measuring and using a dissolved ozone 
level of treated water. As a dissolved ozone monitor (a dissolved ozonometer, dissolved ozone sensor), although an 
electrode type or a (ultraviolet-rays UV) absorption type is sufficient for example, when there are complicated organic 
components, such as a surfactant, underwater, since active jamming by this organic component can be considered by 
UV absorption formula, to a term ** sake, the electrode type is more desirable in exact measurement. 
[0032] Moreover, the hydrogen-peroxide amount of supply is also controllable by method of this invention by 
measuring and using ORP of treated water, as the ORP monitor (an ORP meter, ORP sensor) which uses for 
measurement of ORP - for example, although an ORP monitor of almost all marketing has platinum and a silver silver 
chloride electrode of compound expression, he has an advantage with a cheap price compared with a dissolved ozone 
monitor. 

[0033] Moreover, the hydrogen-peroxide amount of supply is also controllable by method of this invention by 
measuring and using hydrogen-peroxide concentration of treated water. Since hydrogen-peroxide concentration in 
treated water is always measured, an advantage of control using hydrogen-peroxide concentration is a convenient thing 
when a hydrogen-peroxide removal production process is in the latter part. Measurement of hydrogen-peroxide 
concentration can be performed to JP,56-54582,B using an automatic hydrogen-peroxide monitor (a hydrogen-peroxide 
meter, hydrogen-peroxide sensor) using the phenol free-wheel -plate phosphorus method of a publication. 
[0034] Like previous statement, although ozone / hydrogen-peroxide method has little effect from a radical scavenger, 
and a comparatively high reaction rate is obtained in a high TOC concentration field, and it is the outstanding TOC 
component removal method since economical efficiency is also good Since a reaction rate will become low if it 
becomes especially low TOC concentration, when a TOC load of raw water is expensive Big hydroxyl radical 
generating and processor (a reaction vessel, reactor) are required. Moreover, by this method, ozone absorption 
efficiency to a hydrogen-peroxide content basin system is comparatively bad, and hangs a burden also on a latter ** 
ozonization production process (for example, an activated-carbon-treatment production process, a decomposition 
production process by metal catalyst, or a UV irradiation production process). A gestalt (I) of desirable operation which 
follows, for example, is described below when a TOC load of raw water is expensive, or (II) can also be taken. 
[0035] (I) Ozonization under the ozone / the hydrogen-peroxide method for having followed this invention, and (1) 
alkaline conditions with a quick reaction rate and/or ozonization under (2) UV irradiation are combinable. Namely, the 
first production process which processes TOC component content water by the ozone / the hydrogen-peroxide method 
for having followed this invention, and decomposes most TOC components is followed. By being made to perform the 
second production process which performs ozonization under (1) alkaline conditions, and/or ozonization under (2) UV 
irradiation further to treated water obtained at the first production process, and ionizes all at least substantially [ the 
remaining TOC components ], and making it this appearance Compacter equipment can attain effective TOC 
component removal at rational processing cost. Furthermore, ** ozone gas from ozone/hydroperoxide removal 



equipment can be reused as a source of ozone as a part of ozone in the second production process if needed, an ozone 
utilization factor can be raised, and a load to a ** ozone gas disposal system can also be mitigated (Japanese Patent 
Application No. No. 236493 [ nine to ]). since according to the result of an experiment of this invention person a case 
of a gestalt of this operation it turns out that a reaction rate becomes remarkably low if a TOC value of that treated 
water becomes below 2.5 mg/L (liter) by ozone / hydrogen-peroxide method ~ desired value of a TOC value of treated 
water from ozone / hydrogen-peroxide processor for example, a 1.0 - 3.0 mg/L degree -- what is necessary is just to 
set up with a 1 .5 - 2.5 mg/L degree preferably In addition, what is necessary is just to form equipment in this case in 
two steps that what is necessary is just to carry out to two steps, when using together ozonization under (1) alkaline 
conditions, and ozonization under (2) UV irradiation. 

[0036] (II) When reusing ozone in a case where a TOC load of raw water is expensive, or"** ozone gas again, two or 
more reaction vessels depended on ozone / hydrogen-peroxide method carrying out decomposition processing of the 
TOC component by hydroxyl radical by most practical ozone / hydrogen-peroxide method may be prepared in 
multistage. In this case, two or more reaction vessels which decompose a TOC component by hydrogen peroxide and 
ozone are used for multistage. Carry out sequential reduction of the ozone amount of supply to each reaction vessel 
desirably, and the total ozone amount of supply is controlled by water quality desired value of treated water from a 
reaction vessel of the last stage. The amount of supply of pH regulator is controlled by pH value of treated water in a 
reaction vessel of the 1st step. It is desirable to take a method of controlling the hydrogen-peroxide amount of supply tc 
a reaction vessel of the 1st step by measured value of treated water in this reaction vessel by ORP monitor, dissolved 
ozone monitor, or hydrogen-peroxide monitor (especially ORP monitor) at least. This method has the feature in 
controlling the amount of supply of pH regulator only by pH value of treated water in a reaction vessel of the 1st step. 
When this processes TOC component content water only by one step of reaction vessel, performing respectively ozone 
amount-of-supply control, hydrogen-peroxide amount-of-supply control, and pH regulator amount-of-supply control 
the optimal substantially Since there is little total number of each parameter for these control, when performing 
processing by ozone / hydrogen-peroxide method two or more times by two or more steps of reaction vessels to being 
comparatively easy It is because a processor will be complicated too much and utilization will become difficult, if a 
part for a count of processing will be controlled about each parameter, and is the method acquired as a result of having 
examined a simple system control method which can be set in this case from various angles. This point is explained 
below at details. 

[0037] Since an yield of a hydroxy radical depends on the ozone amount of supply, control of the ozone amount of 
supply is the most important. Although it is better to control the ozone amount of supply by water quality data of 
treated water obtained from the first down stream processing (namely, reaction vessel of the 1st step) from a viewpoint 
which makes time lag of control the minimum, since target water quality is water quality of final-treatment water of the 
ozone / hydrogen-peroxide method from the last reaction vessel, it controls the total ozone amount of supply by water 
quality desired value of this final -treatment water. 

[0038] Water quality desired value of this final -treatment water can be made into request values, such as TOC 
concentration (TOC value), an absorbance, or concentration of a specific organic substance, for the purpose of 
processing. For example, when the purposes of processing are removal (decolorization etc.) of humus in raw water 
(component which is 1TOC component and was colored), What is necessary is just to measure TOC concentration of 
the above-mentioned final-treatment water that what is necessary is just to measure an absorbance of the above- 
mentioned final-treatment water in UV absorption with a wavelength of 250-265nm (preferably 254nm or 260nm), 
when the purpose of processing is removal of all the organic substance in raw water (all TOC components). In ozone / 
hydrogen-peroxide method, while the organic substance generates an organic acid in a reaction process, it is 
decomposed into appearance mentioned above. If an organic acid generates, an underwater alkalinity component will 
be consumed and pH will be reduced. On the other hand, although pH will rise and a carbon dioxide will arise as a 
product of organic-acid decomposition if an organic acid decomposes, generated diacid-ized oxygen exists as 
bicarbonate etc. underwater, and works as a radical scavenger which consumes a hydroxyl radical. 
[0039] Therefore, if it is going to disassemble the organic substance by one continuous system reaction vessel which 
supplies raw water continuously, in order that all the organic substance may react in the direction finally decomposed 
into a carbon dioxide and water, many bicarbonate as a radical scavenger etc. occurs in one continuous system reaction 
vessel, and this reduces a rate of a deployment of ozone. On the other hand, if a reaction vessel is made into plurality, 
since effect of a radical scavenger will decrease at least in a reaction vessel of the last stage, a total ozone utilization 
factor can be gathered. 

[0040] In a gestalt (II) of this operation, since a lot of organic acids occur in the first 1st step reaction vessel and 
decomposition of an organic acid also takes place to coincidence with generation of an organic acid in a reaction vessel 
after it, there is little fluctuation of pH. Therefore, if pH in the 1st step reaction vessel is set as a neutral region of 



pH=6.0-8.0 with sufficient processing effectiveness according to a gestalt (II) of this operation, since pH in a latter-part 
reaction vessel will also be kept substantial to a neutral region, the necessity of performing pH adjustment by latter-pan 
reaction vessel is lost. If it is desirable to carry out sequential reduction of the ozone amount of supply to a reaction 
vessel of each stage, it makes it this appearance, a lot of organic acids can be generated as much as possible in the first 
1st step reaction vessel and pH will fully be adjusted by this 1st step reaction vessel There is very little fluctuation of 
pH in a latter-part reaction vessel, and it is convenient also at a point that ** ozone gas produced from the 1st step 
reaction vessel can also be used for a latter reaction vessel, and ** ozone gas can be used more effectively. When 
carrying out pH adjustment with pH regulator by the 1st step reaction vessel in the above-mentioned neutral region 
according to the result of an experiment of a gestalt (II) of operation by this invention person, even if it did not carry 
out pH adjustment henceforth [ the 2nd step reaction vessel ], being set to pH of the above-mentioned neutral region 
was checked. 

[0041] In order to be dependent on each ozone amount of supply, as for the amount of hydrogen peroxides supplied to 
each reaction vessel on the other hand, it is desirable to control by measured value by an ORP monitor, a dissolved 
ozone monitor, or a hydrogen-peroxide monitor (for especially an ORP monitor to be desirable) in each reaction vessel 
However, when the ozone amount of supply in the 1st step reaction vessel occupies the great portion of total ozone 
amount of supply, in order to simplify a control system, even if it makes it not supply a hydrogen peroxide to a latter- 
part reaction vessel or supplies a hydrogen peroxide of a mere constant rate to a latter-part reaction vessel, you may 
make it supply a hydrogen peroxide of an amount proportional to the ozone amount of supply to a latter-part (**) 
reaction vessel to a latter-part (**) reaction vessel. 

[0042] Since supplying ** ozone gas of ozone gas supplied to the 1st step reaction vessel with a gestalt (II) of this 
operation as a part of 2nd step reaction vessel and/or ozone [ at least ] which will be further supplied to a latter reaction 
vessel if it exists can gather an ozone utilization factor, it is desirable. Although it generally depends for ozone 
absorption efficiency on ozone gas supply volume greatly, when a reaction vessel is a bubbling tower with a depth of 
3m or less, before and behind ozone content gas entrainment speed 10 m/hr, ozone absorption efficiency becomes 70 - 
80%. Plugging and 20 - 30% of ozone will be discharged as ** ozone gas, while not having been used by it. therefore, 
if this ** ozone gas is supplied as a part of 2nd step reaction vessel and/or ozone [ at least ] which will be further 
supplied to a latter reaction vessel if it exists, an ozone utilization factor can be boiled markedly and can be raised. 
[0043] Moreover, a TOC component is not substantially removed from TOC component content water completely by 
method of this invention by processing by hydroxyl radical generated by hydrogen peroxide and ozone. Although it car 
leave a part not to be decomposed even into a carbon dioxide and water in a generated organic acid a little, it can 
remove using a deionizer device which prepared this organic-acid remainder in the latter part and pure water can be 
manufactured economically As such a deionizer device, ion strippers, such as an ion exchange unit and reverse osmotic 
membrane (RO) equipment, can be used, for example. In this case, pure water obtained can also be sent to an ultrapure 
water manufacturing process, and such a means can be used for it suitable for recovery of used (**) pure water. 
Moreover, it is also effective to process further treated water from which it did in this way and the organic-acid 
remainder was removed by at least one of the oxidation means to generate the above-mentioned hydroxyl radical, and 
to remove further TOC components other than an organic acid which remains. 

[0044] When using an ion exchange unit for removing the remainder of an organic acid generated by decomposition of 
such a TOC component, anion exchange resin is used at least, using together anion exchange resin and cation exchange 
resin, in order to manufacture pure water except for various ion components including a residual organic acid — 
desirable these resin a mixed bed type and a laminating type — another — a column — it can use by methods, such 
as a type. In addition, a judgment of a stage of the regeneration of ion exchange resin can be made with conductivity of 
ion-exchange-treatment water which flows out of an ion exchange unit. 

[0045] Moreover, since an organic-acid component generated by decomposition of a TOC component has 
fundamentally good biodegradability, biological treatment methods, such as an activated sludge process, can be 
presented with retentate (reject water) produced by playback wastewater produced by the regeneration of ion exchange 
resin, or reverse osmotic membrane processing, and it can mineralize an organic-acid component (generation of C02 
andH2 0). 

[0046] In addition, in the case of purification of water, although a method of this invention is applicable not only to a 
case of pure water manufacture mentioned above but purification of water, activated-carbon-treatment equipment is 
installed in it, so that you may surely say to the latter part of ozone/hydroperoxide removal equipment for the purpose 
of safety reservation (removal of a by-product which is not desirable) as potable water, and residual oxidizer removal. 
Therefore, biodegradation of the organic-acid component generated by decomposition of a TOC component is easily 
carried out by microorganism which grew on the surface of activated carbon in this activated-carbon-treatment 
equipment. 



[t)047] Next, a gestalt (II) of this operation is explained in detail, referring to drawin g 4 which is system flow drawing 
showing an example of a TOC component stripper for carrying out a gestalt (II) of desirable operation of above- 
mentioned this invention. Raw water (TOC component content water) is introduced into a reactor (reaction vessel) 201 
by bottom counterflow method for a start [ bubbling tower type ] via raw water Rhine 205. Ozonization gas which 
occurred with an ozonator 230 is supplied from the lower part of the first reactor 201 via the ozonization gas line 23 1, 
and is sent to the second reactor 261 via the ** ozone gas line 233 after a reaction. Treated water obtained from the 
lower part of a reactor 201 for a start [ bubbling tower type ] is supplied to the second reactor 261 via first reactor 
treated water Rhine 202. The pH monitor 203 and the ORP monitor 204 are attached in the middle of first reactor 
treated water Rhine 202, respectively. Although such monitors can also be attached to a reactor main part, it is more 
convenient to attach to treated water Rhine from viewpoints, such as these monitors 1 maintenance, generally. 
[0048] The pH signal 240 of the first reactor treated water obtained from the pH monitor 203 is inputted into the pH 
controller (pH controller) 241, and the output signal 242 from the pH controller 241 is sent to pH regulator (usually 
alkali chemicals) perfusion pump 243, and it controls a speed of supply of pH regulator supplied via pH regulator 
supply line 244 if needed so that pH of treated water may serve as a predetermined value. 

[0049] Oh the other hand, the ORP signal 250 of the first reactor treated water from the ORP monitor 204 is inputted 
into the ORP controller (ORP controller) 251, and the output signal 252 from the ORP controller 251 is sent to the 
hydrogen-peroxide feed pump 253, and it controls a speed of supply of a hydrogen peroxide supplied via the hydrogen- 
peroxide supply line 254 so that ORP of the first reactor treated water may serve as a predetermined value. 
[0050] In ozone / hydrogen-peroxide method, an addition (supply) ratio of optimal hydrogen peroxide and ozone exists 
substantially. An addition ratio of a hydrogen peroxide and ozone affects an ORP value, a residual hydrogen-peroxide 
concentration value, and a residual ozone level value of treated water so that drawing 2 and drawing 3 which were 
obtained in the following example may show. Therefore, the hydrogen-peroxide amount of supply is controllable using 
ORP of treated water. Of course, although a residual hydrogen-peroxide concentration value or a residual ozone level 
value of treated water can also be used instead of ORP, when point of inflection of ORP being the most remarkable and 
an ORP monitor take into consideration that it is the handiest price in these monitors, control using ORP is desirable. 
[005 1] On the other hand, some second reactor treated water circulates via a circulation line 263 with a circulating 
pump 262, the ejector mechanism 265 which absorbs ** ozone gas is attached near [ outlet ] a circulation line 263 in 
the second reactor 261, and vapor-liquid mixture from ejector mechanism 265 is sent to the second reactor 261. A 
blower (blower) and a line mixer (inch-linemixer) can also be used instead of ejector mechanism (ejector). Moreover, 
ozone gas used by the second reactor with a gestalt of this operation can also replace these part or all with ozone gas 
which branches from an ozonator 230 and was sent, although those all are ** ozone gas from the first reactor. ** ozone 
gas from the second reactor 261 is discharged via the ** ozone gas line 264. Usually, once it processes ** ozone gas 
with an ozonolysis catalyst etc., it is emitted into atmospheric air. 

[0052] Although treated water from the second reactor is discharged via second reactor treated water discharge Rhine 
268 which has branching Rhine 266 The ORP signal 281 is sent by one more ORP monitor 280 attached in the middle. 
So that the output signal 283 sent from the ORP controller 282 into which this ORP signal 281 was inputted may be 
sent to the hydrogen-peroxide feed pump 284 and ORP in the second reactor may serve as a predetermined value A 
speed of supply of a hydrogen peroxide sent via the hydrogen-peroxide supply line 285 is controlled. 
[0053] Moreover, the second reactor treated water which flowed into branching Rhine 266 is sent to TOC analyzer 267 
in order to measure the TOC concentration. The TOC signal 220 of the second reactor treated water from TOC analyze 
267 is inputted into the TOC controller (TOC controller) 221, and the output signal 222 from the TOC controller 221 is 
sent to an ozonator 230, and it controls an ozone yield (usually ozone level) so that TOC concentration of the second 
reactor treated water serves as a predetermined value. Here, although TOC concentration is used for control of the 
ozone amount of supply, a decomposition object may use other input signals. For example, when a decomposition 
object is underwater humus, an absorbance in ultraviolet radiation (UV) with a wavelength of 250-265nm (preferably 
254nm or 260rim) can be used, or when decomposition objects are other specific organic substance, an absorbance in 
UV absorption wavelength peculiar to the organic substance etc. can also be used. 

[0054] After the great portion of second reactor treated water removes an underwater residual oxidizer (ozone and 
hydrogen peroxide) by activated carbon filter 270 via second reactor treated water Rhine 268, an ion component, 
especially an organic-acid component are removed by the deionizer device 271, and final-treatment water (it is the 
semantics called final-treatment water in this equipment, and when using for ultrapure water manufacture etc., it stands 
to reason that it is processed further) is obtained from final -treatment water Rhine 272. Of course, depending on the 
purpose, the deionizer device 271 is not sometimes required. Moreover, although an activated carbon filter 270 may be 
formed even when a deionizer device is excluded, as an activated carbon filter, a biological slime reaction vessel 
(reaction vessel in which a microorganism was made to grow on the surface of activated carbon, and biological slime 



Was made to form) is used in this case in many cases 

[0055] Furthermore, although a gestalt of above-mentioned operation has been processing by two steps of reaction 
vessels about TOC component removal, it can also perform processing by three'or more steps ? £S££2& 

[0056] 

a^xX^ ~ iS " mi * d t0 - « - ^re is not hereafter although 

[0057] The equipment used for drawing^ in the example is shown. The 301. reactor (reaction vessel) 101 processes the 
TOC component content water as raw water, and carries out oxidative degradation of the TOC So^tkS^ato 
for a hydrogen peroxide and ozone. Water is supplied to raw water by the reactor 101 from raw wTter S ° a 
raw water conveying pump 140. While a TOC value is measured with TOC analyzer 120 theTilal 12? fo - ozonlT 
control is transmitted from the PID-control machine 121 based on this TOC vafue and 'some Tt^lltJlomT 
reactor 101 controls an ozonator 130, it has some other treated water in a dissolved o^S^S^SX 
dissolved ozone monitor 161, and it has pH measured by the pH monitor 170 by the ORP mon itS 160 In addition 
2 ent '^enough Jf it has one side of an ORP monitor and a dissolved ozone mo~ased on the melrec 

value of ORP or a dissolved ozone level, the signal 163 for hydrogen-peroxide pump controls is lent from the Pro 
control machine 162, and the hydrogen-peroxide pump 150 is controlled. The oLniLtionTs thf* 
ozonator 130 is poured into a reactor 101 through the ozonization gas line 131 In an examok Ld ^JZiprf, 
companson although ozone dissolution in a reactor 101 was performed thro^^l^^^ 
means such as ejector mechanism (ejector) and a line mixer (inch-line mixer) can also be used I A nvdroeen oerox de 
is supplied to a reactor 101 by the hydrogen-peroxide feed pump 150 through he hydrogen-peroxld^ TsuXuneTsf 

^"exZC^X^ 6 "' Wa ' er Rhi " e ' 0 " ' ^ afKr i0 " 

[0058] In the equipment shown in example 1 dr a win g 1 to a reactor 101 by the rate of flow of 20 L/hr and the 

hydraulics-residence time of 1.8hr(s) Letting water flow via raw water Rhine 141 with a L wate^vevinToumn 

V^-?^^^T^T ? ay T beC K ° me UltrapUrC Wat6r With 7 m ^ about such a ^urce ofTOC and it }> 
prepares 1 UC component content water. In the equ pment of drawine 1 the TOP vain* n f t „„^ * A i" 

processed by the .hydroxy, radical by the reaettJofis ZS^Cte SSSi 

™„Sor the ^W U mon 1 ! ,o aS l^r, 0n J h,C , h °f C ° mr0 ' m ^ urem »' Iff- front the dissolved He 
moniror lou or tne ORP monitor 161 so that a dissolved ozone evel or an ORP value becomes thr prn ™,t m i 

of H form, and the strong ^S^S^^^^ 



[fne QRGANO CORP. sale]" was used), and the ion-like organic substance was removed. The result of each 
experiment was summarized to drawing 2 and drawing 3 . 

[0059] The weight ratio of the ozone absorbed in a supply hydrogen peroxide / raw water when drawin g 2 processes 
IPA content water as raw water The dissolved ozone level of (it is hereafter called an "H2 02/03 pile quantitative 
ratio") and treated water (it measures by the dissolved ozone monitor 161), The relation between hydrogen-peroxide 
concentration (phenol free-wheel -plate phosphorus was added to the sampled treated water, and it asked by the 
colonmetnc analysis [the phenol free-wheel-plate phosphorus method] using a colorimetric method 
[spectre-photometric analysis]) and ORP (it measures by the ORP monitor 160) is shown. In drawing 2 , O expresses a 
dissolved ozone level, ** expresses hydrogen-peroxide concentration, and - expresses ORP It is H2 02 / 03 so that 
drawing 2 may show. In the 0.15 neighborhoods, the dissolved ozone level of treated water and the point of inflection 
of ORP appeared [ the weight ratio ]. It is H2 02 / 03 before and behind plugging and this point of inflection OPR of 
treated water was crossed to the range of about 200mV - 900m V, and changed rapidly at small change of about 0.04 of 
a weight ratio, and the dissolved ozone level of treated water was also crossed to the range of about 1 mg/L - 3 mg/L 
and changed rapidly. On the other hand, the point of inflection of the hydrogen-peroxide concentration which remain's 
in treated water is H2 02 / 03, although there was nothing if clear. A weight ratio is the 0.3 neighborhoods to H2 02 / 
03. Along with the rise of a weight ratio, hydrogen-peroxide concentration rose remarkably. Although there was a 
difference between the case where.IPA content water is processed, and some also when DMSO content water and NMF 
content water were processed as raw water, the almost same orientation was shown. 

[0060] Drawing 3 is H2 02 at the time of processing IPA content water as raw water / 03. The relation between a 
weight ratio and the ratio (henceforth [ TOC component residual percentage is expressed and ] the "TOC/TOCO ratio oi 
concentration") of the TOC concentration of the TOC concentration / raw water of treated water is shown It is H2 02 / 
03 so that clearly from drawing 3 A weight ratio sets in the 0.15 neighborhoods and it is TOC/TOCO The point of 
inflection of the ratio of concentration appears, and it is H2 02 / 03. It is TOC/TOCO even if a weight ratio enlarges 
the amount of supply of a hydrogen peroxide from 0 15. It turned out that the ratio of concentration hardly changes but 
there is almost no effect in removal of a TOC component. Since H2 02 / 3 -fold [ O ] quantitative ratio, on the other 
hand, increased residual hydrogen-peroxide concentration from the 0.3 neighborhoods remarkably so that clearly from 
drawing 2 , it is H2 02 / 03. It turns out that it is desirable to set up the hydrogen-peroxide amount of supply so that a 
weight ratio may become within the limits of 0.1-0.25. Although there is a difference between the case where IPA 
content water is processed, and some also when DMSO content water and NMP content water are processed as raw 
water, the almost same orientation is shown, and it is H2 02/03. Weight ratio = it turned out that it is desirable to set 
up the hydrogen-peroxide amount of supply so that it may become within the limits of 0.1-0.25. 
[006 1 ] 

[Effect of the Invention] According to this invention, it makes it possible to remove a TOC component from TOC 
component content water efficiently by [ with the effective hydrogen-peroxide amount of supply ] using an ORP 
monitor, a dissolved ozone monitor, or a hydrogen-peroxide monitor as a control means, maintaining the ratio of a 
request of the hydrogen-peroxide amount of supply and the ozone amount of supply (the amount of ozone absorbed 
underwater). 

[0062] In case decomposition removal of a TOC component is performed to multistage using two or more reaction 
vessels depended on ozone / hydrogen-peroxide method If only the pH value of the treated water in the reaction vessel 
ot the 1st step is measured, this should just control by the reaction vessel of the 1st step near neutrality with pH 
regulator if needed and it does so In the reaction vessel of the 2nd step (henceforth), since decomposition and 
generation of an organic acid take place and it is maintained by the pH value near neutrality, especially the control for 
pH adjustment is unnecessary. 



[Translation done] 



